A study was conducted to evaluate the basic chemical composition, organic acids, volatile compound profiles, and overall acceptability of Surk cheese (acid cheese). The organic acids were determined by reverse phase high performance liqued chromatography method, and volatile compounds were analyzed by static headspace/gas chromatography/mass spectrometry technique. A total of 134 volatile compounds, including 42 esters, 40 terpenes, 15 alcohos, 11 free fatty acids, 6 ketones, 5 aldehydes, 4 alkenes, 4 phenyl propanoids, 3 phenolics, and 4 other compounds, were identified in the Surk cheeses. The main compounds were found to be carvacrol, γ -terpinene, p-cymene, hexanoic acid, octanoic acid, decanoic acid, butanoic acid, and eugenol. The mean total organic acid content of the Surk cheese was 1.71 g/100 g. The main organic acid in the Surk cheese was lactic acid (1067 mg/100 g), followed by acetic, propionic, oxalic, formic, citric, pyruvic, orotic, hippuric, and uric acids.
INTRODUCTION
The types of cheese can vary with the type of milk used, cheese-making procedure, ripening conditions and period, and the spices-herbs used, [1] which affect flavour and texture characteristics of cheeses. In general, the unique flavour of a cheese is formed as a result of a complex balance between volatile and non-volatile compounds, which originate from fat, protein, and lactose. In Turkey, acid-type cheeses are usually produced by heating of acidified milk using indigenous microflora of milk or diluted yogurt. Surk cheese is traditionally made from diluted yogurt (ayran) through boiling. The ayran, the liquid remaining after the manufacture of butter from yogurt, is boiled for ∼30 min to precipitate milk proteins. The precipitate is pressed for 5-6 h to remove excess whey, and then added to various spices and herbs (peppermint, thyme, mint, cumin, black papper, cinnamon, and ginger) (at 0.1-0.3% each) and chili pepper (2-3%). After kneading with added salt (∼5%), the mixture is made into a conical strawberry or pear-like shape, weighing 1380 GÜLER 150-200 g and 5-7 cm in diameter. Therefore, Surk is a cheese containing various spices and herbs produced by acid/heat combination in the southern part of Turkey, particularly in Antakya (Antioch). Surk cheese is usually consumed fresh without aging after air-drying in a shaded enviroment for 3-4 days or wrapped in parchment paper. [2] Nowadays, consumers demand a high quality of this product, which may benefit their health. Not many cheeses containing herbs and spices are produced in the world since these types of cheese are usually manufactured as a special tradition. [2] However, the production of this type of specialty cheese continues to grow as a result of the increasing sophistication and multiculturalism of the consumer. Spices have long been used in foods due to their flavouring and antimicrobial effects on bacteri, fungi, and virus, and the antioxidant functional properties, [3] whereby Surk cheese has a good marketing potential due to the special added herbs and spices. Spices and herbs used for Surk cheese-making can play an important role in promoting human health due to their anticancer, antioxidative, and antiinflammatory properties. [4] Treatments with herb extracts increased the stability of cheese against lipid oxidation and also resulted in the antibacterial and antioxidant activity. [5] A few studies have been reported on the microbial composition and gross chemical properties of Surk cheese, [6−8] while no studies have been available on the unique taste and flavour of Surk cheese. Considering the specific procedure of Surk cheese manufacturing, Surk cheese may contain high levels of organic acids and volatile compounds, which may differ from those of the other cheeses due to the spices and herbs used. Therefore, the objectives of this study were: (1) to evaluate the basic chemical composition and overall acceptability of the cheeses, and (2) to determine the profiles of organic acids and volatile compounds in Surk cheese in regard to flavour.
MATERIALS AND METHODS

Preparation of Experimental Cheese Samples
Twelve Surk cheese samples (∼500 g) were collected from different villages, bazaars, and retail markerts of Antioch (Antakya). Two lots of each cheese were obtained from the same producer.
Gross-Chemical Analyses
Total solids content was determined by gravimetric method. [9] Total nitrogen was measured by micro-Kjeldahl method, [10] using the Gerhardt KB 40S digestion and Vapotest distillation systems (C. Gerhardt, Bonn, Germany). Fat, salt, titratable acidity, and pH were determined by Gerber, the potentiometric titration method, [11, 12] titration using 0.1 N NaOH, and with a pH meter (Orion, Thermo, Beverly, MA, USA), respectively. Ash content was quantitated by dry ashing the samples in a muffle furnace at 550
• C for 24 h.
Analysis of Organic Acids
The extraction and quantification of organic acids and lactose was performed according to the procedures described by Fernandez-Garcia and McGregor, [13] with minor modifications. Organic acids and lactose were extracted with 5 mM H 2 SO 4 . For this purpose, 7 g of Surk cheese was dissolved in 30 mL of 5 mM H 2 SO 4 and centrifuged at 7000× g for 7 min at 5
• C. The upper layer was filtered through Whatman No. 1 filter paper, and then filtrate was filtered again through 0.45-μm syringe filters (Millex PVDF Millipore, Billerica, MA, USA). Seperations were carried out in an automated high performance liquid chromatography system (HPLC-20 AD Prominence, Shimadzu, Kyoto, Japan) using an ion exchange column (Aminex HPX-87 H, 300 × 7.8 mm, BIO-RAD, Hercules, CA, USA). Separation of organic acids was carried out at an isocratic flow rate of 0.6 mL min −1 at 55
• C using 5 mM of sulfuric acid as a mobil phase. Organic acids and lactose were detected at 210 nm with a UV/VIS detector (SPD-20 AV, Shimadzu, Kyoto, Japan) and refractive index detector (RID-10A, Shimadzu, Kyoto, Japan), respectively. Organic acid and lactose standards were purchased from Sigma-Aldrich GmbH (Steinheim, Germany) and Supelco (Bellefonte, PA, USA), respectively. Organic acid and lactose solutions were prepared in distilled deionized water, filtered through a 0.45-μm syringe filter (PVDF, Millipore, Billerica, MA, USA) and injected into the HPLC system to provide standard lines based on the peak for each organic acid and lactose. Linear regression curve-based peak areas were calculated for the individual organic acid and lactose covering a broad range of concentrations ( Table 1 ). The working solutions of standards were prepared at the five different concentrations. The triplicate injections were carried out on HPLC. The data points from calibration curves were subjected to a least square regression analysis. The coefficients of determination (R 2 ) obtained were 0.999. The R.S.D. values of f were in the range of 1.52-5% considered adequate to verify the linearity of the regression lines for analytical methods.
Volatile Compound Analysis
The extraction and characterization of the volatile compounds were carried out by headspace (HS)/solid phase microextraction (SPME)/gas chromatography (GC)/mass spectrometry (MS) analysis, which were able to detect most of the volatile compounds. Samples of volatile analysis were prepared in triplicate from each cheese. For each sampling time, each cheese was cut into small pieces and placed in a chilled mortar and ground with a pestle. After several preliminary tests to optimize solid phase microextraction (SPME) system, 10 g of the homogenized cheese sample was immediately transferred in a 20-mL head space vial (Agilent, USA). The vials were sealed using crimp-top caps with TFE/silicone headspace septa (Agilent, USA) and immediately frozen at −20
• C until use. Prior to analysis, frozen samples were thawed at 4
• C overnight. At the time of solid phase microextraction analysis, the vials were placed in a water bath with temperature control and 
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stirring. The sample vials were equilibrated for 30 min at 60
• C in a water bath then a 50/30 μm DVB/CAR/PDMS (Supelco, Bellefonte PA, USA) fibre was exposed to the sample headspace for 40 min at 60
• C. The fibre was conditioned for maximum performance at 260
• C for 1 h before being placed in the subsequent sample. The extraction procedure was conducted by the modified method of Ziino et al. [14] These sampling temperatures were also chosen after preliminary trials at different temperatures. After sampling, desorption of the volatile compounds from the fibre coating was carried out in the injection port of GC at 250
• C during 3 min in splitless mode. The identification and quantification of volatile compounds were carried out on Agilent model 6890 GC and 5973 N mass spectrometry (MS) (Agilent, Palo Alto, CA, USA) equipped with a HP-INNOWAX capillary column (60 m × 0,25 mm id × 0.25 μm film thickness). Helium was used as the carrier gas at a flow rate of 1 mL min −1 . The oven temperature program was initially held at 50
• C for 1 min and then programmed from 50
• C by a ramp of 5
• C min −1 up to 100
• C and then at 10
• C min −1 to reach a final temperature of 230 • C, which was held for 10 min. The mass selective (MS) detector was operating in the scan mode within a mass range of 33 to 330 m z −1 at 1 scan s −1 , with electron energy of 70 eV. The interface line to MS was set at 250
• C. The total analysis time was 30 min. The volatile compounds were preliminarily identified by a computer-matching of their mass spectral data supplemented with a Wiley7n.1 and Nist 02.L. GC-MS libraries, and then most of the identified were confirmed by GC retention time (RT) and MS ion spectra of authentic standards (Sigma-Aldrich, Milwaukee, WI, USA). The retention indices were also determined for all constituents by using homologous series of n-alkanes C 5 -C 25 . Results from the volatile analyses were expressed as the percentage of each compound's integrated area relative to the total integration of the compounds identified.
Consumer Preference
Sensory evaluation was performed by 10 experienced panelists who were accustomed to Surk cheese. Cheeses were removed from a refrigerator (4
• C) 1 h prior to sensory evaluation, and kept at room temperature (22 ± 2
• C). By using a 9-point hedonic sale (1 = dislike extremely, 5 = neither like nor dislike, 9 = like extremely), consumers rated overall acceptability. Cheeses were evaluated in duplicate by the panel members.
RESULTS AND DISCUSSION
Basic Chemical Composition
The basic chemical properties of Surk samples are shown in Table 2 . The mean values ± SD for total solids, protein, fat, lactose, ash, salt, titratable acidity (TA), and pH were 45.45 ± 4.68 g/100 g, 15.64 ± 5.69 g/100 g, 6.60 ± 5.14 g/100 g, 2.21 ± 1.31 g/100 g, 6.33 ± 2.47 g/100 g, 4.95 ± 1.27 g/100 g, 1.67 ± 0.46 g/100 g, and 4.60 ± 0.36, respectively. The mean chemical properties of Surk cheeses were slightly different from the findings of Guler-Akın and Konar [6] where mean values were: 44.3% for total solids; 9% for fat; 19% for protein; 8.4% for salt; 1.1% for titratable acidity; and 4.94 for pH. Surk cheeses had not been previously analyzed for lactose and ash contents. The mean nutritional composition of Surk cheeses confirmed that producers used for cheese-making about 5% salt and 10% spices, herb, and chilli pepper for cheese-making.These ratios were consistent with the values used for the traditional manufacturing method of Surk cheese. [15] Organic acids. To our knowledge, this study is the first report on organic acids and volatile compounds of Surk cheese. A HPLC chromatogram sample for the organic acids of Surk cheese and standard organic acids used for calibration is shown in Fig. 1 . Organic acids have two functional properties: preventing the development of spoilage and pathogenic microorganisms as natural preservatives, and improving the sensory characteristics of dairy products. Oxalic, orotic, citric, pyruvic, uric, lactic, formic, acetic, propionic, and hippuric acids were detected in Surk cheeses (Table 3) . These organic acids appear in dairy products as a result of normal biochemical metabolism (citric, orotic, uric, or hippuric) and bacterial growth (lactic, acetic, pyruvic, propionic, and formic). [16] The amount of organic acids showed a wide variation from cheese to cheese, with coeffient of variation ranging from 34.84 to 76.41%. This variability could be due to the differences in total protein (7.77-24.19%), fat (2-18%), and lactose (0.66-7.59%) contents of the cheeses, the cheesemaking conditions, cheese ripening, or microbial load. Lactic acid ranged from 493.80 to 1791.72 with a mean of 1067.56 mg/100 g cheese. As expected, lactic acid was the principle organic acid in Surk cheeses since it is a major product of lactose catabolism by lactic acid bacteria in acid-type cheese. [17] The maximum value of lactic acid was similar to the highest limit (17.4 mg/g) reported by Bevilacqua and Califano [18] for various cheeses. Propionic and acetic acids were the second and the third most abundant organic acids with a mean of 241.76 mg/100 g and 143.79 mg/100 g cheese, respectively. So lactic, propionic, and acetic acids were the main organic acids in Surk cheeses. This result was similar to those reported by Fox et al. [1] for acid-type cheeses, such as Cottage and Queso blanco. Too much pressing time to remove excess whey under the ambient temperatures (25-32
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• C) and air-drying a shaded enviroment for 3-4 days during Surk cheese manufacturing process could have caused an increase in heterofermantatif lactic acid bacteria, which might have been increased in acetic, propionic, and formic acids contents as well as lactic acid. Despite the unexpected, lactic, propionic, and acetic acids were followed by oxalic acid with a mean of 93.10 mg/100 g cheese. Oxalic acid can be produced from pyruvate by lactate dehydrogenase or from gylcolate by glycolate oxidase in plants. [19] The synthesis of oxalic acid is increased in the mediums containing high lactose, such as whey. [16] On the other hand, the high concentrations of oxalic acid detected in Surk cheeses may be related to spices or herbs used for cheese-making [20] or the pasture on which the cows were feeding. [21] Formic acid ranged from 25.49 to 160.89 with a mean of 71.12 mg/100 g cheese. Formic acid can be produced from pyruvic acid by a homofermantative bacteria, such as enterecocci, or from the deamination of serine by the certain Lactobacillus mesophilic. [22] Among organic acids derived from mainly lactic or citric, pyruvic acid showed the lowest level with a mean of 16.37 mg/100 g cheese. Pyruvic acid acts as a substitute in various metabolic pathways for the formic and oxalic acids. [23] As reported by Serra et al., [24] the low content of pyruvic acid may be reflected to an increase in microbial counts, which causes the synthesis of the other organic acids at the higher levels.
Citric acid is a product of body metabolism and an important organic acid. Its amount ranged from 14.89 to 106.09 mg/100 g. The similar results were obtained by Mullin and Emmons [25] for various cheeses. In this study, acetic acid content was high in Surk cheeses with low citric acid. This finding confirmed that acetic acid could be produced from catabolism of citric acid. Orotic, uric, and hippuric acids are nonprotein nitrogenous compounds in milk. These acids were considerably lower in cheeses than the organic acids derived from mainly lactose or lactic acid. Orotic acid ranged from 1.42 to 18.55 with a mean of 7.93 mg/100 g. Orotic acid has been described as a growth factor for L. delbrueckii subsp. bulgaricus and also as a precursor for the synthesis of nucleotides. [13] Hippuric acid was not found in the four Surk samples. The maximum value of hippuric acid was 22.90 mg/100 g cheese. As Surk cheese is made from yogurt, the presence of hippuric acid is not a surprise since it was previously found in yogurt. [26] Uric acid ranged from 1.14 to 3.15 with a mean of 2.31 mg/100 g cheese. The maximum value of uric acid found in Surk cheeses is close to the highest value of 3.3 mg/100 g reported in various cheeses by Bevilacqua and Califano. [18] Uric acid was the lowest organic acid found in Surk cheeses. Overall, low pyruvic, orotic, and hippuric acid levels are the results of increased consumption rates of orotic and hippuric acids. In addition, lactic, acetic, propionic, and formic acid levels could be due to the growth of both homofermantative and non starter lactic acid bacteria (NSLAB) in Surk cheeses, since this trend in organic acids is generally attributed to Lactobacillus spp. metabolism. [27] Most spices and herbs could stimulate the growth of lactic acid bacteria present in Surk cheese. As expected, the Surk cheese with the highest total organic acid had the high titratable acidity and the low pH value.
Volatile Compounds
A GC-MS chromatogram sample for the volatile compound profiles of Surk cheese is shown in Fig. 2 . A total of 134 volatile compounds were identified in Surk cheeses and were grouped according to chemical classes (Table 4) . Terpenes were the most abundant compounds, accounting for 46.94% of total volatile compounds identified in all the Surk cheeses, followed by acids (27.25%), esters (18.2%), alcohols (7.23%), phenyl propanoids (4.85%), and aldehydes (2.17%) in decreasing order (Fig. 3) . However, only 30 of 134 volatile compounds were found in all the Surk cheeses, which accounted for about 86.32% of total volatile identified (Table 5) . Carvacrol (12.04%), γ-terpinene (11.02%), p-cymene (10.65%), hexanoic (7.29%), octanoic (6.57%), decanoic (5.54%), Table 5 for Pik No.). and butanoic (3.80%) acids were the most abundant volatile compounds identified in Surk cheeses (Table 5) . Of volatile compounds identified in all of the Surk samples, ethyl hexanoate, methyl octanoate, ethyl octanoate, methyl benzoate, m-thymol, limonene, β-pinene, β-myrcene, γ-terpinene, p-cymene, butanoic, pentanoic, hexanoic, octanoic, and decanoic acids, 2-ethyl-1-hexanol, and benzenoethanol were previously determined in some cheese varieties, such as white cheese containing thyme, acid-type farm cheese. [28, 29] As far as we know, 2-ethylhexyl (octyl) butanoate, methyl decanoate, ethyl decanoate, α-terpinene, β-cubebene, β-caryophyllene, carvacrol, p-cymen-7-ol, cuminic aldehyde, methyleugenol, and eugenol were identified for the first time in cheeses. These compounds could be related to milk or spices and herbs used for Surk cheese-making since carvacrol, γ-terpinene, m-tymol, p-cymene, cumin aldehyde, and β-pinene are important flavour constituents in thyme and caraway. [30, 31] On the other hand, volatile compounds, such as linalool, eugenol/β-caryophyllene, cinnamic aldehyde/eugenol, carvacrol/thymol, eugenol, and β-caryophyllene, are the major flavour constituents in bacil, allspice, cinnamon, oregano, clove, and black pepper, respectively. [32] Free fatty acids were the second largest group of volatile compounds identified (Fig. 3) . Butanoic, pentanoic, hexanoic, octanoic, and decanoic acids were identified in all of the samples, and accounted for about 25% of total volatile compounds. Hexanoic acid with a mean of 7.29% was the most abundant free fatty acid identified in Surk cheeses, which was followed by octanoic, decanoic, butanoic, and pentanoic acids in decreasing order. Similar results were reported by Delgado et al. [33] for Torta del Casar cheese, produced by a plant coagulant without using starter. The high levels of short-chain free fatty acids are probably related to the high activity of esterase of Lactobacillus strains. This result is consistent to the high concentration of organic acids derived from Lactobacillus spp. metabolism.
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The only 7 of 42 esters identified, including ethyl hexanoate, methyl octanoate, ethyl octanoate, 2-ethylhexyl butanoate, methyl decanoate, ethyl decanoate, and methyl benzoate, were found in all of the Surk samples (Table 5) . Ethyl decanoate and ethyl octanoate were the most abundant esters identified in Surk samples. Esters formed by the esterification of free fatty acids and alcohols make a significant contribution to cheese flavour due to their low threshold values. [34] However, esters, such as 2-ethylhexyl (octyl) butanoate and ethyl undecanoate, revealed the maximum level in cheese with a high score of overall acceptability, when compared with the other esters. To our knowledge, these esters have not been previously identified in cheeses, so they could provide unique and characteristic aromatic notes to Surk cheese. Ethly esters with fruity flavour notes may minimize the sharpness of rancidity derived from carboxylic acids.
Alcohols comprised the fourth group of volatile compounds, accounting for 7.03% of all the volatile compounds identified (Fig. 2) . The only 3 of 15 alcohol compounds identified, including 2-ethyl hexen-1-ol (fatty alcohol), benzene-ethanol, and p-cymene-7-ol (cuminic alcohol), were found in all of the Surk samples (Table 5 ). These alcohols may play an important role in the characteristic flavour of Surk cheeses. Benzene-ethanol, a yeast metabolic product derived from phenyl alanine, is responsible for floral and rose flavour notes. [34] Considering phenyl propanoids, eugenol was the main propanoid identified in Surk cheeses. It revealed a wide variation among cheeses with a variation coefficient of 95%. As there is no standard method for the manufacturing of Surk cheeses, this situation could account for the use of pimento, cinnamon, and clove in different proportions by manufacturers since eugenol is the main volatile compound identified in those spices. [32] Cuminic aldehyde, the only one of five aldehyde compounds identified, was found in all of the Surk cheeses (Table 5 ). Cuminic aldehyde was the main aldehyde identified, whereas the other aldehydes were found in some samples at the trace levels. Ketones are common constituents of cheeses. However, in this study, they had the lowest relative proportion with a total value of 0.54%, compared to the other volatile compounds identified in Surk cheese. Ketone 2-nonanone only was identified in all the Surk cheeses at trace levels ( Table 5 ). Ketones are mainly formed by decarboxylation of β-ketoacids occuring via β-oxidation of free fatty acids in cheeses. [34] Spices and herbs used for Surk cheesemaking could have inhibited oxidation of free fatty acids since volatile compounds derived from lipid oxidation, such as hexanal and propanal, were absent in the cheese samples.
In light of the other compounds, only diisopropyl ether was found in all of the Surk cheeses (Table 5 ). Dimethyl trisulfide, α-methyltoluene, and naphtalene were detected in some cheeses at the minimal levels. The sample with the low score of overall acceptability had the maximum level of diisopropyl ether (Table 5) . Diisopropyl ether, α-methyltoluene, and naphtalene may be contamined to cheese by means of the external sources, such as pesticides, cleaning agents, pollution, and unclean herbs.
Consumer Preference
During the sensory analysis, none of the samples received the maximum score of 9 for overall acceptability. The maximum and minimum scores were 1.3 and 7.4 for overall acceptability, respectively (Fig. 4) . In general, negative points in cheese samples with low overall acceptability scores were described as rancid, too pungent, too sour, and unidentified bitter taste by panelists. Surk cheese with the highest pentanoic, hexanoic, octanoic, and decanoic acids, and 2-ethyl hexyl butanoate (2.93%) and diisopropyl ether (2.58%), and with the lowest butanoic acid (1.28%), pyruvic (14.76 mg/100 g), and γ -terpinene (4.47%) levels received the lowest overall acceptability scores. Interestingly, the percentages of hexanoic, pentanoic, octanoic, and decanoic acid in the sample with the highest overall acceptability score was similar to each other and the ratio of each of those acids to butanoic acid was about 2.5. On the other hand, acetic acid content (80.75 mg/100 g) and the percentage of benezethanol (3.90%) in samples with a high score were similar to those of propionic acid and 2-ethyl-1-hexenol, respectively. In terms of the other volatile compounds, the sample with the highest overall acceptability score had the highest p-cymene (20%), limonene (3.36%), ethyl undecanoate (3.76%), eugenol (3.84%), and benzenethanol (3.93%). It is worth noting that the presence of volatile compounds and organic acids in the correct ratio are equally essential to produce a good flavour for Surk cheeses.
CONCLUSIONS
As compounds 2-ethylhexyl (octyl) butanoate, methyl decanoate, ethyl decanoate, α-terpinene, β-cubebene, β-caryophyllene, carvacrol, p-cymen-7-ol, cuminic aldehyde, methyleugenol, and eugenol were identified for the first time in cheeses, they could be characteristic for Surk cheese. The desirable flavour of Surk cheese appears to be closely related to the ratio of hexanoic, pentanoic, octanoic, and decanoic acids to butanoic acid, the balance between propionic and acetic acid, the high concentrations of p-cymene, limonene, ethyl undecanoate, eugenol, and benzenethanol. Furthermore, a long-term goal of our research is to determine the correlations between individual aroma compound and flavour attributes, and the free amino acid contents in Surk cheese produced under the same conditions.
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